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(57) Abstract 

A system for the control of subsea extraction of a liquid or gaseous hydrocarbon product from a well head on the 
sea bed in which the product is extracted under the control of valve systems contained in a Christmas tree (3) located over 
and secured to the well head and is then fed via a pipeline to a remote terminal. The Christmas tree is controlled and moni- 
tored by a control module package (10) which forms the end termination to an umbilical U4 supplying power from and 
transmitting signals to and from said remote terminal. The control module package (10) is physically connected to the 
Christmas tree (3) underwater by engaging the complementary end terminations (12) and (13) and forms the sole power 
and signal path connection between the Christmas tree and the remote terminal. Guide means (15, 16) and optical or acous- 
tic sensors (17) may be provided to assist in augning the terminations (12) and (13) during their interconnection. 
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SUBSEA SYSTEMS AND DEVICES 

The present invention relates to subsea systems 
and devices and particularly to such systems and devices 
as are employed for the control and monitoring of off- 
shore subsea production and distribution of hydrocarbon 

5 products in the oil and gas industry. 

It will be understood that references to the 
"sea" include lakes and other areas of water besides 
the sea and oceans proper. 

Hydrocarbon products, specifically oil and gas, 

10 are currently often obtained from deposits beneath the 

sea bed and are extracted by forming a production bore or 
well downwardly from the sea bed into the reservoir 
deposits and extracting the products through the well 
head. The series of operations which initially have 

15 to be performed in order to extract the hydrocarbon 

products from a reservoir deposit are known as drilling . 
and completion operations. These operations are not 
restricted to wells formed by drilling from a fixed 
structure. Wells may also be formed by drilling through 

20 a target area on the sea bed at a position remote from 
any fixed or floating surface-located process control 
facility. 

Such operations often have to be carried out at 
considerable depths below the sea surface, for example 

25 several hundred metres and are extremely complex, time- 
consuming and expensive operations to perform. These 
drilling and completion operations also involve numerous 
complex and difficult steps, not the least of which is 
the deployment and connection of a remotely controlled 

30 local control and performance monitoring system at the 
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well head for use when the well is to be brought into 
production. Additionally there are numerous hazards 
and difficulties associated with the connection of 
power supplies, and control and monitoring signal paths 
to the local control system at the site of the well. 
The present invention is more particularly concerned 
with problems associated with these latter aspects of 
the sub sea extraction of hydrocarbon products from 
beneath the sea bed. 

Currently, the type of control and monitoring 
systems employed to control and monitor the functions 
of a subsea well make use of hydraulically operated 
function control valves and hydraulic, electrical or 
electronic monitoring devices contained within a package 
15 mounted on a structure known as a subsea Christmas tree 
which normally is vertically lowered into position over 
the well head tubing and secured thereto. The control 
and monitoring of the Christmas tree functions are 
undertaken by the control module package which is 
secured to the Christmas tree as a modular system and 
control power is supplied and directed to the Christmas 
tree via the control module package from a remote 
terminal. This remote terminal may be on the land but 
more often takes the form of a fixed or floating purpose 
25 built process control platform anchored to the sea bed 
and to which the hydrocarbon product extracted from the 
well under the control of the Christmas tree is delivered 
for processing and/or distribution and from which pro- 
cessed water or gas is re-injected back into the 
reservoir structure via the well, e.g. by means of 



20 
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pipelines or other form of distribution. A terminal 
is frequently situated a considerable distance, for 
example several kilometres, from the location of the 
Christmas tree and apart from the pipeline extending 
between the two for the transportation of the various 
liquids and/or gases, it is necessary to provide 
connections for the supply of power generally of a 
hydraulic and/or electrical nature to the Christmas 
tree control module package and also for the trans- 
mission of control signals and exchange of information 
between the terminal and the subsea system. Such con- 
nections are currently made by means of cables known as 
umbilicals constructed to withstand the subsea conditions 
and to convey the hydraulic and/or electrical power and 
15 signals necessary for the operation and monitoring 

of the system. 

The subsea Christmas tree is usually lowered 
into position from a semi-submersible drilling rig, 
which may have also been employed to drill the well. By 

20 reason of the considerable difficulties in deployment 
which would be entailed, it is not generally possible 
to make connections between the pipeline, umbilicals 
and the Christmas tree and/or the control module package 
on the surface before the pipeline, Christmas iree and/or 

25 umbilicals are lowered into the sea and therefore 

a number of these connections normally have to be made 
under water, which is in turn an intricate , expensive, 
complex and time-consuming operation. Moreover, since 
the control module package is normally located cn and 

30 to one side of the Christmas tree its weight has to be 
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balanced by a counterweight located at the opposite 
side of the Christmas tree in order that the latter 
is maintained stable and upright during it's vertical 
deployment from the rig and connection to the well head 
5 tubing. This in turn can undesirably increase both the 
weight and bulk of the Christmas tree, which is to be 
lowered and manoeuvred into position over the well head. 

It is an object of the present invention to 
provide means for overcoming or reducing some of the dis- 
10 advantages enumerated above in connection with the dis- 
position of the control module package and the making of 
the connections both to the Christmas tree and/or to 
the control module package. 

According to the present invention the 
15 control module package for a subsea process control 

device or system, such as a Christmas tree, is construc- 
ted so as to form an end termination to a submarine 
umbilical which is deployed on the sea bed for horizon- 
tal pull-in and connection to the subsea system. Accor- 
20 ding to a preferred form of the invention this single 
umbilical forms the only control and monitoring inter- 
connection which is necessary between the remote ter- 
minal on the one hand and the subsea process control 
device or system or Christmas tree on the other hand. 
25 From one aspect the invention provides a submarine 

umbilical having an end termination in the form of a 
control module package for controlling a subsea process 
control device or system or Christmas tree and forming 
the sole power and signal path connection between said 
30 system or Christmas tree and a remote terminal when said 
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end termination is connected to said system or 

Christmas tree.- 

From another aspect the invention provides a 
control module package for a subsea Christmas tree pro- 

5 vided with connection means for connection to said Chris- 
tmas tree underwater to enable said control module to 
perform control and monitor functions on the Christmas 
tree, wherein said control module is designed to form 
an end termination to an umbilical by means of which 

10 power may be supplied to said Christmas tree via said 

control module and control signals may also be applied to 
and monitoring data derived from said control module 
and/or said Christmas tree. 

From yet another aspect the invention consists 

15 of a system for the control of subsea extraction or dis- 
tribution of a liquid and/or gaseous product from under 
the sea bed wherein the product is directed or extracted 
under the control of a process control system located 
on the sea bed and is fed to a remote terminal and having 

20 a control module package physically connectable to the 
process control system on the sea bed, said control 
module package being supplied and controlled from the 
remote terminal and acting to control and monitor the 
functioning of the process control system, wherein said 

25 control module package forms the end termination of a 
line extending between said remote terminal and said 
process control system and line serving both to supply 
power and for the transmission of information and control 
signals, and said control module package forming the 

30 sole power and signal transmitting component to be 
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physically connected underwater to said process control 
system. 

From yet a further aspect the invention provides 
a system for the control of subsea extraction of a 
5 liquid and/or gaseous hydrocarbon product from a well 
head on the sea bed wherein the product is extracted 
under the control of valve systems contained in a chris- 
. tmas tree located over and secured to the well head and 
is fed via a pipeline to a remote terminal and wherein 
10 the Christmas tree is controlled and monitored by a 

control module package which forms the end termination 
to an umbilical for supplying power from and transmitting 
signals to and from said remote terminal, said control 
module package being physically connected to said 
15 Christmas tree underwater and forming its sole power 

and signal path connection to said remote terminal. The 
Christmas tree may be one of a multiple group of subsea 
Christmas trees and several or all of said Christmas 
trees may have such a control module package connected 
20 to it. 

According to current practice, a subsea Christmas 
tree per se requires a supply of hydraulic power for the 
operation and monitoring of its hydraulically operated 
valves whilst the control module generally requires a 
. 25 supply of electrical power as well as the provision of 
signal transmitting conductors which may be either 
electrical conductors or optical fibres. In such a case 
the arrangement of the present invention would make use 
of a composite umbilical containing both hydraulic power 
30 supply lines and the necessary electrical power and 
signal conductors or .possibly optical fibre signal 
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conductors . 

The end termination may comprise an oil filled 
pressure compensated container in which is located 
hydraulic control valves as well as electrical and/or 

5 electronic devices and control systems for controlling 
and monitoring the operations being performed by the 
hydraulic mechanisms of the Christmas tree or other subsea 
process control modules. The container is mounted on 
runners or a sled device in order to facilitate its 

10 movement over the sea bed and it can be made so that it 
is both self-propelled and remotely controlled, if so 
desired. 

As is known in the art, guide means are provided 
for the course and fine alignment of the make up of 

15 underwater end terminations with respect to the Christ- 
mas tree or other subsea process control module in order 
to facilitate proper connection thereto as well as means . 
for clamping the termination comprising the control module 
package to the Christmas tree or other subsea process 

20 control module once it has been guided and located into 
its correct position. 

Means may also be provided for manual or robotic 
disconnection of the umbilical from the end termination 
comprising the control module package. 

25 If desired optical or acoustic means such as 

television cameras or acoustic sensors may also be 
provided for assisting in lining the end termination 
with its connection to the Christmas tree. 

It will be appreciated that by means of the 

30 arrangement according to the present invention all of the 
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electrical and hydraulic connections between the 
umbilical and the control . module may be made on the 
surface when the control module package is being 
connected as the end termination to the umbilical and 
hence the only connection which has to be made under- 
water is that of the control module package to the 
Christmas tree or other subsea process control system. 
Since the power connection between the control module 
package and the Christmas tree or other subsea pro- 
duction control system need often only be of a hydraulic 
nature, as the valves in the Christmas tree or other 
control system are usually hydraulically operated, it 
is possible totally to eliminate any underwater connec- 
tions for the electrical power and electrical or optical 
15 fibre signal lines during the installation of the equip- 
ment on the sea bed. Moreover, since in the case of a 
subsea process control system Christmas tree the con- 
trol module package for the Christmas tree now forms the 
end termination of the umbilical and no longer forms 
a structure attached to the Christmas tree, the out-of- 
balance weight of this control module is removed from 
the Christmas tree during deployment and hence the 
counterweight can be dispensed with. This not only con- 
siderably lightens the weight of the Christmas tree 
making it more easy to handle «nd manipulate into its 
correct position over the well head, but its reduced 
weight greatly facilitates its transfer between a supply 
vessel and the rig from which it is lowered onto the 
well head. 

The invention will now be further described, by way 
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of example, with reference to the accompanying drawings, 
in which :- 

Figure 1 illustrates in simple diagrammatic form 
an installation for extracting oil or gas from a well 

5 on the sea bed and for feeding its product to a remote 
terminal, according to current practice, 

Figure 2 is a diagrammatic perspective view of 
one embodiment of end termination for an umbilical, 
according to the present invention, 

10 Figure 3 is a diagrammatic sectional view 

through one form of hydraulic tree connection which may 
be employed in the present invention, 

Figures 4a and 4b illustrate diagrammatically 
two arrangements according to the invention for multiple 

15 Christmas trees contained on a template; and 

Figure 5 is a diagrammatic view of another arrange 
ment according to the invention. 

Referring to the drawings, Figure 1 shows diagram- 
matically a known type of oil (or gas) drilling and 

20 collection installation for extracting oil from below 
the sea. A semi-submersible drilling rig 1, anchored 
by cables la and which has been used to drill a produc- 
tion well 2 is also employed to position and install a 
Christmas tree 3 over the top of the well, when it is 

25 desired to extract the oil from the well. The well head 
may be several hundred metres below sea level. The 
Christmas tree 3 may be employed to control the 
flow of oil from the well or to inject processed water 
into the well in accordance with known techniques and 

30 comprises a hydraulically operated control valve 
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arrangement. This Christmas tree is itself controlled 
and monitored by means of a control module package 4 which 
is mounted to one side of the Christmas tree and which has 
to be counterbalanced by a weight 5 on the other side in 

5 order to ensure that the Christmas tree is maintained 
stable and upright for lowering from the rig 1 and 
positioning over the well head. The oil from the well 2 
is delivered, via a pipeline indicated at 6 to a remote 
terminal 7 in the form of a fixed or floating platform 

10 which is anchored to. the sea bed and which is located at 
a distance, e.g. several kilometres from the well head. 

In order to. supply power to the Christmas tree 3 
and to the control module package 4 and to control this 
equipment from the terminal 7 r two armoured cables or 

15 umbilicals Ul and U2 are employed. The umbilical Ul 
serves to supply hydraulic power from the terminal 7 
to provide control power for the operation of the 
Christmas tree 3 via the control module package 4, whilst 
the umbilical U2 serves to supply electrical power to 

20 the control module package 4 and also for the transmission 
of monitoring data and control signals to and from the 
terminal 7 . The connections Tl, T2, between the 
umbilicals and the Christmas . tree and control module can 
only be made under water once the Christmas tree has 

25 been located in position,, for the reasons given earlier, 
and this is a complex, time consuming and expensive 
operation. Once the Christmas tree has been located in 
position, connected to the terminal and tested, the 
rig 1 is removed from the site. 
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The present invention provides an arrangement which, 
in practical terms,allows the umbilical U2 to be omitted and which 
also removes the control module 4, and hence the counter- 
balances weight 5, from the Christmas tree structure. 
5 To this end, according to the invention, the control module 
for the Christmas tree is constructed so as to form the 
end termination of a submarine umbilical which is horizontally 
deployed on the sea bed for connection to the Christmas tree. 

Figure 2 illustrates one embodiment of the invention 

10 showing a control module package 10 forming an end termination 

to an umbilical U4 which is arranged to supply both hydraulic 
power, and electrical power to the control module and 
which may also include electrical and/or optical fibre 
signal conductors for the transmission of control information 

15 and data between the control module and the terminal plat- 
form. The control module package 10 is mounted on runners 11 
for easy travel over the sea bed and it may be deployed 
manually, remotely or by self -propulusion . Only hydraulic 
power is required by the Christmas tree 3 and this is fed in 

20 directly through a termination 12 on the control module 

10 which is arranged to mate with a complementary termination 
13 on the Christmas tree. The termination comprises a 
plurality of hydraulic connections 14 and the control 
module is guided into its correct location for accurate 

25 aligned connection of the terminations 12,13 by means 

of guide probes 15 which engage guide sockets 16 to either 
side of the termination 13 on the Christmas tree. Optical 
and/or acoustic sensors 17 may be provided on the control 
module 10 initially to assist in carrying out the connecting 

30 operation but further to monitor process function status with 
the aid of local self-contained sensors mounted on the Christ- 
mas tree . Once the connection has been made it may be secured by 
means of a clamping device of any suitable kind. Since 
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the connection 18 made between the umbilical U4 and the 
control module 10 can be made on the surface before the 
control module is lowered to the sea bed, the only connec- 
tion which. has to be made on the sea bed is that of the 
control module 10 to the Christmas tree. 

Although the arrangement has been described for 
a Christmas tree which is solely hydraulically operated, it 
would readily be possible to feed electrical power addition- 
ally or alternatively to the Christmas tree from the control' 
module, if this was considered necessary for operation 
or monitoring of the Christmas tree functions. 

Figure 3 illustrates one form of hydraulic tree 
connection which may be used in carrying out the present 
invention. The connector comprises two complementary 
15 generally cylindrical parts 21,22 and an annular clamping 
member 23. The part 21 is associated with the control 
module and comprises a body 24 having a recessed end cavity 

25 within which are disposed an array of hydraulic connectors 

26 about a central axially disposed and axially movable 
key or plunger 27. The complementary part 22 carried 
by the Christmas tree comprises a body 28 whose forward 
end 29 is shaped to enter the end cavity 25 in the part 

21 and carries complementary hydraulic connectors 3 0 disposed 
so as to mate and interconnect with the connectors 26 
25 when the two parts of the coupling are engaged. These 
connectors 30 are disposed about an axial locating bore 
or passage 31 which can receive the leading end of the 
key or plunger 27. The open end of the cavity 25. is 
protected during deployment by a protective shield or plate, 
indicated. in dashed lines at 32, until the connection is to 
be made. At that time, the connector part 21 is aligned in close 
proximity with the connector part 22 and the key or plunger 
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27 is moved outwardly under hydraulic or electrical control 
so as to push off the protective shield 32 which falls 
away from the connector parts. The part 21 is now moved 
towards the part 22 so that the end of the plunger or 
5 key 27 enters the axial bore 31 and the two complementary 
portions 26,30 of the hydraulic connectors engage so as 
to complete the connection. The clamp means 23, which 
may take any of various known forms, is now positioned 
around the parts 21 and 22 to hold the hydraulic connection 

10 secure. 

Figure 4a illustrate an arrangement in which up 
to eight Christmas trees CI to C8 are capable of being 
mounted on a template Tl. Each Christmas tree is fed by 
an umbilical U terminating in a control module CM serving 

15 as a process control and monitoring unit and forming 
the sole power and signal path connection between each 
Christmas tree and a remote terminal. The process input/output flow 
line from the arrangement is shown at F and is connected 
to the manifold piping system carried by the template 

20 via a hydraulic connection H. 

Figure 4b shows a modification of the arrangement 
according to Figure 4a in which only two umbilicals U5 
and U6 extend between the remote terminal and up to eight 
Christmas trees CI to C8 contained on the template Tl . 

25 Each umbilical terminates in a control module CM1 or CM2 . 
The control module CMl serves as a process control 
and monitoring unit for the Christmas trees CI to C4 and 
the control unit CM2 serves as process control and 
monitoring unit for the Christmas trees C5 to C8. 

30 Figure 5 illustrates diagrammatically an oil or 

gas distribution arrangement according to the invention 
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in which control modules CM 3 and CM4 are respectively 
connected to product distribution -control valves VI 
and V2 located in product pipelines PI, P2 extending 
between a remote terminal 40 and a further distribution 

5 or processing site, for example on shore. Control 

module CM3 which monitors and controls the distribution 
control valve VI forms the end termination of umbilical 
U7 connected to the remote terminal 40, whilst control 
module CM4 forms the end termination of umbilical U8 

10 which is connected to a second remote terminal (not 

shown). Each control module is supplied with power over 
its umbilical for the operation of the associated valve. 
The umbilical also supplies electrical power to the con- 
trol module package and serves as a two way signal trans- 
15 mission path between the module and the remote terminal 
connected at the other end of the umbilical. . 

It will be apparent that various modifications 
may be made to the embodiments described without 
departing from the scope of the invention. 
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1. A subsea system for the control of subsea 

extraction or distribution of a liquid and/or gaseous 
product from under the sea bed wherein the product 
is directed or extracted under the control of a process 

5 control means located on the sea bed and is fed to a 
remote terminal and having a control module package 
physically connectable to the process control means 
on the sea bed, said control module package being 
supplied and controlled from the remote terminal and 

10 acting to control and monitor the functioning of the 
process control means, wherein said control module 
package forms the end termination of a line extending 
between said remote terminal and said process control 
means, said line serving both to supply power and for 
15 the transmission of information and control signals, 
and said control module package forming. the sole power 
and signal transmitting component to be physically con- 
nected underwater to said process control means. 

2. A system as claimed in claim 1, wherein said 

20 process control means is a process control system such 
as a Christmas tree. 

3. A system as claimed in claim 1, wherein said 
process control means is a product distribution control 
valve. 

25 4. A subsea system for the control of subsea extrac- 

tion of a liquid or gaseous hydrocarbon product from a 
well head on the sea bed wherein the product is extrac- 
ted under the control of valve systems contained in a 
Christmas tree located over and secured to the well head 

30 and is fed via a pipeline to a remote terminal, the 



WO 88/03596 PCT/GB87/00783 

-16- 

Christmas tree. being controlled and monitored by a 
control module .package, wherein said control module 
package forms the end termination to an umbilical 
supplying power from and transmitting signals to and 
5 from said remote terminal and said control module 

package is physically connected to said Christmas tree 
underwater and forms the sole power and signal path 
connection between said Christmas, tree and said remote 
terminal. 

10 5 • A control module package for a subsea process 

control means r wherein said control module package is 
constructed so as to form an end termination to a 
submarine umbilical which is deployed on the sea bed 
for horizontal pull-in and connection to the subsea 

15 system. 

6. A control module package for a subsea Christmas 
tree provided with connection means for connection 
to said Christmas tree underwater to enable said 
control module package to perform control and monitor 
functions on the Christmas tree, wherein said control 
module package forms an end termination to an umbilical 
for physical connection underwater to said Christmas 
tree whereby power may be supplied to said Christmas 
tree via said control module package and control 
25 signals may also be applied to and monitoring data 

derived from said control module package and/or said 
Christmas tree. 

7. A control module package as claimed in claim 5 

or 6, wherein said umbilical forms the only control and 
monitoring interconnection which is necessary between a 



20 



30 



WO 88/03596 



PCT/GB87/00783 



-17- 



remote terminal on the one hand and the subsea process 
control means or Christmas tree on the other hand. 
8. A submarine umbilical having an end termination 

in the form of a control module package for controlling 
a subsea process control means, such as a Christmas 
tree or distribution control valve, said control module 
package forming the sole power and signal path connec- 
tion between said process control means and a remote 
terminal when said end termination is physically connec- 
ted underwater to said process control means. 
9 a subsea system or part thereof as claimed in any 

preceding claim, wherein said end termination control 
module package comprises an oil filled pressure compen- 
sated container in which is located hydraulic control 
15 valves as well as electrical and/or electronic devices 
and control systems for controlling .and monitoring the 
operations being performed by the hydraulic mechanisms 
of a Christmas tree or other subsea process control 
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means . 



ill v _r >_n a * v 

_ j_ nar f t hpreof as claimed in 
10 A subsea system or parr. me-Leux ^ 

claim 9, wherein said container is mounted on runners or. 
sled device in order to facilitate its movement over 
the sea bed. 

11. A subsea system or part thereof as claimed in 

25 claim 9 or 10, wherein said container is self-propelled 
and/or remote controlled. 

12. A subsea system or part thereof as claimed in 
any preceding claim, wherein guide means are provided 
for the alignment of the make-up of underwater end 
terminations of the control module package with respect 
to the Christmas tree or other subsea process control 
means in order to facilitate proper connection thereto. 
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13. A subsea system or part thereof as claimed 
xn claim. 12, wherein optical or acoustic means are 
provided for assisting in lining up said end terminations 

14. A subsea system or part thereof as claimed in 
5 any preceding claim, including means for clamping the 

end termination comprising the control module package 
to the Christmas tree or other subsea process control 
means once it has been guided and located into its 
correct position. 
10 15. A subsea system or part thereof as claimed in 
any preceding claim, wherein said line or umbilical 
comprises a composite umbilical containing hydraulic 
power supply lines as well as electrical conductors 
and/or optical fibre conductors. 
15 16. A subsea system or part thereof as claimed in 

any preceding claim, wherein the only underwater connec- 
tion which has to be made between said end termination 
provided by said control module package and said process 
control means, such as a Christmas tree, is a hydraulic 
20 connection. 

17. A subsea system as claimed in claim. 2 or 4, or 
any subsequent claim as dependent on claim 2 or 4, 
comprising a plurality of Christmas trees arranged as 
a group, each of said Christmas trees being fed by a 
line or umbilical terminating in a said control module 
package forming the sole power and signal path connec- 
tion between that Christmas tree and a remote terminal . 

18. A subsea system as claimed in claim 2 or 4, 
or any subsequent claim as dependent on claim 2 or 4, 
comprising a plurality of groups of Christmas trees,' 
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each group of Christmas trees being controlled by a 
single control module package forming the end termin- 
ation of a line or umbilical which is the sole power 
and signal path connection between that group of 
5 Christmas trees and a remote terminal. 

19. A subsea system as claimed in claim 3 or 

any subsequent claim as dependent on claim 3, comprising 
an oil or gas distribution arrangement including a 
plurality of product distribution control valves for 

10 controlling the distribution of said oil or gas, wherein 
a said control module package is connected to each said 
distribution control valve for monitoring and controlling 
said valve, and said line or umbilical connected to each 
said control module package is connected to a remote 

15 terminal. 

20. Subsea systems substantially as hereinbefore 
described with reference to Figures 2 and 3, or Figure 
4a, or Figure 4b or Figure 5 of the accompanying drawings 

21. A control module package for a subsea system 

20 substantially as hereinbefore described with reference 
to any of Figures 2 to 5 of the accompanying drawings. 

22. A submarine umbilical having an end termination 
in the form of a control nodule package substantially 
as hereinbefore described with reference to any of 

25 Figures 2 to 5 of the accompanying drawings. 
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